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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a directional 
coupler that is excellent in mass-productivity that is 
provided with two dielectric lines without the need of 
adjustment with specific accuracy for alignment in the 
case of assembling. 

SOLUTION: Relating to the directional coupler where 
a 1 st dielectric line 3 provided with an input port 7a and 
an output port 7b, a 2nd dielectric line 4 provided with 
an input port 7c and an output port 7d are arranged 
between a couple of parallel flat conductors 1, 2, and 
a high frequency signal received from the input port 7a 
is outputted from the output ports 7b, 7d, 1st and 2nd 
dielectric lines 3, 4 are formed integrally via a conduc- 
tor layer 5 with two or more coupling holes 6a, 6b and 
the distance between the coupling holes 6a, 6b is set 
so as to be long equivalent to a (2n-1 )/4 wavelength (n 
is an integer) with respect to the guide wavelength of 
the high frequency signal. 
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(54) DIRECTIONAL COUPLER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
directional coupler that is excellent in mass- 
productivity that is provided with two 
dielectric lines without the need of adjustment 
with specific accuracy for alignment in the 
case of assembling. 

SOLUTION: Relating to the directional 
coupler where a 1st dielectric line 3 provided 
with an input port 7a and an output port 7b, a 
2nd dielectric line 4 provided with an input 
port 7c and an output port 7d are arranged 
between a couple of parallel flat conductors 1 , 
2, and a high frequency signal received from 
the input port 7a is outputted from the output 
ports 7b, 7d, 1st and 2nd dielectric lines 3, 4 
are formed integrally via a conductor layer 5 
with two or more coupling holes 6a, 6b and 
the distance between the coupling holes 6a, 6b 
is set so as to be long equivalent to a (2n-l)/4 
wavelength (n is an integer) with respect to the guide wavelength of the high 
frequency signal. 




[0001] 

[Field of the Invention]In this invention, it is included in a millimeter wave integrated 
circuit etc., and is involved in the directional coupler using the NRD guide used as a 
guide of a high frequency signal. 

Therefore, it is involved in the coupler excellent in especially mass production nature. 



[0002] 

[Description of the Prior Art]From the former, as a directional coupler using an NRD 
guide (nonradioactive dielectric wire way), it is used in order to divide and combine a 
high frequency signal (electromagnetic waves), but the general structure was shown in 
drawing 5 . According to drawing 5. the two dielectric wire ways 12 and 13 are 
allocated between the parallel plate conductor 1 la of a couple, and 1 lb (the dashed 
dotted line showed the expedient top of explanation, and the plate conductor 1 1 a). At 
least one side is formed in the shape of a curve between two dielectric wire ways, and 
in drawing 5. both dielectric wire ways 12 and 13 are formed in the shape of a curve, 
and it is allocated so that the gap x of the maximum approaching portion of both the 
dielectric wire ways 12 and 13 may become a prescribed interval. 
[0003]In the coupler of the above-mentioned structure, the high frequency signal 
inputted from the input port 12a of the dielectric wire way 12, It dissociates by the 
maximum approaching portion, and from the port 13a of the dielectric wire way 13, a 
signal is outputted, respectively from the output port 12b of the dielectric wire way 
12, and the output port 1 3b of the dielectric wire way 13, without being outputted. 
[0004] 

[Problem(s) to be Solved by the Invention]However, in the above-mentioned 
conventional directional coupler, the distance x of the maximum approaching portion 
has big influence on the characteristic of a directional coupler. For example, when the 
dielectric wire ways 12 and 13 consist of an NRD guide the dielectric constant 5, 1 
mm in width, and 2 mm in height, it is necessary to control the accuracy of the 
distance x of the maximum approaching portion to 0.1 mm or less. Thus, it is 
dramatically difficult to install the two dielectric wire ways 12 and 13 between the 
parallel plate conductor 1 la of a couple, and 1 lb with high precision, it has become a 
major factor which checks mass production nature, and there were problems, like 
product cost also becomes high for accuracy adjustment of the alignment at the time 
of an assembly in connection with it. 

[0005]Therefore, this invention does not need exceptional accuracy adjustment for the 
alignment at the time of the assembly of a directional coupler possessing two 
dielectric wire ways, but an object of this invention is to provide the directional 
coupler excellent in mass production nature. 
[0006] 

[Means for Solving the Problem] A result of having repeated examination about 
structure which can be formed in one without this invention person affecting the 
characteristic of a coupler for two dielectric wire ways to an aforementioned problem, 
While forming two dielectric wire ways in one via a conductor layer which has two or 
more joining holes, By setting distance between two or more joining holes in a 
conductor layer as (2n-l) / 4 wave (n: integer) equivalent length of the guide wave 
length of a high frequency signal, it finds out that the above-mentioned purpose is 
attained. 
[0007] 

[Embodiment of the Invention] Hereafter, it explains based on the drawing in which an 
example of the directional coupler of this invention is shown. Drawing 1 is an outline 
perspective view of the directional coupler of this invention, and drawing 2 is the side 
view. As shown in drawing 1 and drawing 2. the 1st dielectric wire way 3 and the 2nd 
dielectric wire way 4 are allocated between the parallel plate conductors 1 and 2 (the 
dashed dotted line showed the expedient top of explanation, and the plate conductor 
2) of a couple, and the directional coupler of this invention becomes, but. The big 
feature of this invention has this 1st dielectric wire way 3 and the 2nd dielectric wire 



way 4 in the point formed in one on both sides of the conductor layer 5. 
[0008]In this structure, what is called an image NRD guide is formed of the plate 
conductors 1 and 2, the 1st dielectric wire way 3, and the conductor layer 5. The 
image NRD guide is similarly formed of the plate conductors 1 and 2, the 2nd 
dielectric wire way 4, and the conductor layer 5. 

[0009] And to the conductor layer 5 which exists in the mating face of the 1st and 2nd 
dielectric wire ways 3 and 4. The portion 6a and 6b without a conductor, i.e., joining 
holes, is formed, and these joining holes 6a and 6b, By being formed in the position 
where that interval x serves as (2n-l) / 4 (n: integer) wavelength equivalent length of 
the guide wave length of a high frequency signal, the 1st and 2nd dielectric wire ways 
3 and 4 are electromagnetically formed of these joining holes 6a and 6b. 
[0010] As the directional coupler of this invention is shown in the top view explaining 
the flow of the signal of drawing 3, From the port 7a of the 1 st dielectric wire way 3, 
by electromagnetic combination through the joining holes 6a and 6b, it is divided by 
the inputted high frequency signal and The port 7b of the 1 st dielectric wire way 3, It 
is outputted from the port 7d of the 2nd dielectric wire way 4, and has the 
characteristic that a signal is not outputted at all, from the port 7c of the 2nd dielectric 
wire way 4. 

[001 l]According to this invention, in the joining hole 6a, carry out partial reflection 
of the high frequency signal wave inputted from the port 7a of the 1st dielectric wire 
way 3 by setting up the interval of said joining holes 6a and 6b as mentioned above, 
but. By 1/2 wave of phase contrast, it interferes in the signal wave reflected in the 
joining hole 6b mutually, and it is not outputted from the port 7a. 
[00 12] On the other hand, by 1/2 wave of phase contrast, the signal wave produced by 
dispersion in the joining hole 6a interferes to the port 7c of the 2nd dielectric wire 
way 4 in the signal wave produced by dispersion in the joining hole 6b mutually, and 
does not output it to it from the input port 7c. 

[0013]On the other hand, when the signal wave which went via the joining holes 6a 
and 6b becomes in phase, it interferes and the signal wave which penetrated the 
joining holes 6a and 6b is outputted to the port 7d of the 2nd dielectric wire way 4 in 
the port 7b of the 1st dielectric wire way 3 again so that a signal may suit in slight 
strength. 

[0014]In this invention, although the shape of the joining holes 6a and 6b formed in 
the conductor layer 5 comprises shape, such as polygons, such as circular, an ellipse 
form, and a quadrangle, From a viewpoint of the electromagnetic unity by the joining 
holes 6a and 6b of the 1st dielectric wire way 3 and the 2nd dielectric wire way 4, the 
shape of the joining holes 6a and 6b and a size are decided by suitable design 
according to the ratio of the signal to 7b and 7d to output. 

[0015]Since the 1st dielectric wire way 3 and the 2nd dielectric wire way 4 consist of 
shape formed in one via the conductor layer 5, like before the directional coupler of 
this invention, The time and effort of arranging the 1st dielectric wire way 3 and the 
2nd dielectric wire way 4 with sufficient accuracy at a predetermined interval 
becomes unnecessary, and also it can produce very easily. 

[00 16] As a dielectric for forming the dielectric wire way 3 and the dielectric wire way 
4, it is formed with organic system dielectric materials and organic- inorganic matter 
multicomputer system dielectric materials besides ceramics, such as cordierite, 
alumina, and crystallized glass. 

[0017]For example, when dielectric wire ways are ceramics. The 1st dielectric wire 
way Plastic solid that has predetermined thickness, and the 2nd dielectric wire way 
Plastic solid are produced, Carry out print coating of the metal paste so that two 



joining holes which were mentioned above in the mating face of the Plastic solid of 
one of these may be formed, or, After laminating on both sides of the thin metallic foil 
and metal plate with which two joining holes were formed beforehand in between, the 
1st dielectric wire way and the 2nd dielectric wire way can be formed in one by 
sintering them in one. 

[0018]After calcinating uniquely the 1st dielectric wire way and the 2nd dielectric 
wire way, respectively and forming them, Using the junction art of well-known 
ceramics so that two joining holes may be formed in the mating face of one dielectric 
carry out print coating of the metal paste, and heat-treat it, or, Form the conductor 
layer which has a joining hole by thin-film-forming methods, such as plating and 
metallic foil attachment, and join the 1st and 2nd dielectric wire ways, or, It can form 
also by unifying with adhesives on both sides of the thin metallic foil and metal plate 
with which two joining holes were formed beforehand in between, or carrying out the 
adhesion unification of the 1st dielectric wire way and the 2nd dielectric wire way 
further via the conductive glue line in which two joining holes were formed. 
[0019]In forming a dielectric wire way with organic system dielectric materials and 
organic-inorganic matter multicomputer system dielectric materials, After forming 
each track with a well-known forming process, for example, an injection molding 
method, a press molding method, etc., it is producible by forming a conductor layer in 
one surface and joining a both line way to it by thin- film-forming methods, such as 
printing and plating of metal paste, and metallic foil attachment. 
[0020]Then, the directional coupler of this invention can be obtained by allocating the 
1st and 2nd unified dielectric wire ways between the parallel plate conductors of a 
couple. 

[0021]In the above-mentioned embodiment, although the case where the number of 
joining holes was two was explained in full detail, even if a joining hole is three or 
more, the same effect as the above is acquired by setting those intervals as (2n-l) / 4 
wave equivalent length of the guide wave length (n: integer). 
[0022] 

[ExampleJIt consists of a cordierite sintered compact of dielectric constant 4.8 and 
dielectric loss 2.7x1 0" 4 (60 GHz of test frequencies), By coppering, a section produces 
two dielectric wire ways which are 0.5 mm[ in width ] x2.25 mm in height, forms a 
conductor layer in one lamination side of these two sintered compacts, and it by resist 
formation and etching. The joining hole of shape with a 0.2 mm[ in width ] x height of 
2.25 mm was formed so that a hole center-to-center dimension might be set to 2.05 
mm. 

[0023]And via the conductor layer which consists of this copper, two dielectric wire 
ways were pasted together with adhesives, and it unified. And this integrated object 
was allocated between the parallel plate conductors of the couple which consists of 
copper, and the directional coupler of the structure of drawing 1 a nd drawing 2 w as 
produced. 

[0024]And to this directional coupler, the high frequency transmission characteristic 
was measured using the network analyzer, and that result was shown in drawing 4 . In 
drawing 4. reflection loss [ in / in SI 1 / the port 7a ], S21, S3 1, and S41 are the 
insertion losses of the ports 7b, 7d, and 7c, respectively. 

[0025]It was checked that the loss of SI 1 and S41 is increasing rapidly in 57.6 GHz, 
and a directional coupler is formed in this frequency area as a result so that clearly 
from the result of drawing 4 . 
[0026] 

[Effect of the Invention]In this invention, it forms in one in a directional coupler via 



the conductor layer which has two joining holes formed with the specific interval in 
two dielectric wire ways as explained in full detail above. 

Therefore, at the time of an assembly of a directional coupler, it is not necessary to 
perform accuracy adjustment for the alignment of the distance between [ of two ] 
dielectric wire ways, and it is possible to produce a directional coupler easily, as a 
result, the mass production nature of a directional coupler can be improved, and 
reduction of product cost can be aimed at. 

[Claim(s)] 

[Claim l]Between parallel plate conductors of a couple, the 1st [ which possesses an 
input port and an output port respectively ], and 2nd dielectric wire ways are 
allocated, In a directional coupler to which a high frequency signal inputted from an 
input port of the 1st dielectric wire way is made to output from an output port of said 
1st dielectric wire way, and an output port of the 2nd dielectric wire way, A 
directional coupler forming the said 1st and 2nd dielectric wire ways in one via a 
conductor layer which has two or more joining holes, and setting distance between 
said joining holes as (2n-l) / 4 wave (n: integer) equivalent length of the guide wave 
length of a high frequency signal. 
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